-fs01 compares the retrievals of BrO VC used in the main body of the paper to values found using the operational algorithm. Largest differences are observed over snow and ice, with a ~15 to 20% reduction in the new retrieval, due to the use of higher surface reflectivity in the ARCTAS retrieval. The residual of the spectral fit is about a factor of 2 lower for the ARCTAS retrieval compared to the operational retrieval. Values of BrO VC have a similar overall morphology for the two retrievals and the location as well as magnitude of BrO hotspots are quite similar. As noted in the main body of our paper, our conclusions do not depend on which OMI BrO VC product is used.
The retrieval of BrO VC is sensitive to surface albedo. The ARCTAS retrievals rely on a wavelength dependent air mass factor calculated using a stratospheric climatology for BrO. The stratospheric AMF (Air Mass Factor, the ratio of slant column BrO to vertical column BrO) varies with respect to surface albedo ( Figure 2010GL043798-fs02) . As albedo ranges from 0.0 to 1.0, the stratospheric AMF varies by about 10%. The closer to the surface the BrO layer resides, the more sensitive AMF and BrO VC are to albedo. Much larger sensitivity of BrO VC to surface albedo is found for a purely tropospheric AMF. If most of the BrO resided near the surface, the sensitivity of BrO VC to surface albedo would need to be addressed in the main body of the paper. However, the aircraft and Max-DOAS observations indicate most of the BrO is well above the top of the convective boundary layer. Hence, a central conclusion of our paper, the importance of longitudinal variations in BrO VC due to compression of stratospheric air, is not affected by uncertainty in albedo. The assessment of quantitative closure of the budget for total column BrO may be sensitive to uncertainties in BrO VC due to the vertical distribution of BrO within the troposphere as well as the presence of clouds, which likely have opposite effects on BrO VC . Assessment of these uncertainties is beyond the scope of this investigation; to our knowledge, no prior study of satellite BrO has addressed either of these factors. We intend to quantify these sensitivities in future studies.
We devoted considerable attention to whether the strong linear relation of BrO VC and total column O 3 could be due to interference from O 3 in the retrieval of BrO VC (i.e., whether our primary result could be a retrieval artifact). A capability to retrieve BrO VC was added to a code that had been developed to retrieve profiles of tropospheric O 3 from OMI radiances [Liu et al., 2010] . Correlation coefficients between elements of the state vector for BrO and O 3 were found, for a variety of fitting windows. These coefficients were generally smaller than 0.06, suggesting little interference due to O 3 for the retrieval of BrO VC . As noted in the main body of the paper, the relation between BrO VC and column O 3 breaks down for SZA ≥ ~85°, as BrO goes into its nighttime reservoirs. The break down of the relation for SZA ≥ ~85° further supports our confidence that the relation between enhanced BrO and elevated O 3 is not a retrieval artifact. The main body of the paper states "the WAS data are discussed primarily in the auxiliary material" and "the relation of our definition of Br y VSL to WMO [2007] and justification for our use of 5 and 10 ppt levels of Br y VSL based on the WAS measurements are discussed in the auxiliary material". Figure 2010GL043798 -fs03 is designed to address these points, which we discuss at length since they are likely to be of interest to a segment of the atmospheric sciences community. Figure 2010GL043798- ). All data in Figures 2010GL043798-fs03a and 2010GL043798-fs03b were obtained in the troposphere, based on O 3 < 120 ppb. The O 3 data were acquired with a dual beam UV photometer [Proffitt and McLaughlin, 1983] . Considerable scatter in CBr y TOTAL occurs between 200 and 300 hPa, the region of convective outflow. During the slow ascent to the cold point tropopause (~120 hPa), nearly all source species other than CH 3 Br, halons, and CH 2 Br 2 decompose. Figure 2010GL043798 -fs03b suggests the potential for significant, additional supply of Br y to the stratosphere from product gas injection (PGI): i.e., the cross-tropopause transport of inorganic bromine species produced by the decomposition of short-lived organic bromocarbons in the tropical upper troposphere (UT). The excess content of organic bromine observed in the region of convective outflow relative to the UT (highest altitudes shown) suggests that PGI could be as high as 5 to 7 ppt, or much larger if the influence of decomposition products of highly elevated CBr y in the tropical marine boundary layer (MBL) is also considered. The highly elevated levels of CBr y observed in the tropical MBL during TC 4 are consistent with prior ship-board observations [e.g., Butler et al., 2007 and references therein] . Figure 2010GL043798 -fs03c shows the relation between CBr y WAMSLEY and CFC-12 measured in the Arctic stratosphere by the DC-8 during ARCTAS (black circles). The baseline value of Br y used in the main paper, denoted by the green lines, was derived using the method of Wamsley et al. [1998] . Figure 2010GL043798 -fs03d shows the relation between CBr y TOTAL and CFC-12 for the Arctic stratosphere (magenta circles). Values of Br y inferred from CBr y TOTAL are shown by the magenta crosses; the difference between these data points and the black dashed line provides an estimate for local source gas injection (SGI) of bromine to the Artic lowermost stratosphere (LMS) by VSL bromocarbons. The data suggest SGI of Br y from VSL bromocarbons could provide nearly as much bromine to the Arctic LMS as is provided by CH 3 Br and halons (i.e., for CFC-12 = 500 ppt, Br y WMO ≈ 3.5 ppt and Br y TOTAL ≈ 7 ppt). Local SGI of bromine in the Arctic LMS is a surprising finding, since CH 2 Br 2 is the only VSL bromocarbon thought to cross the tropical tropopause and is expected to decompose before reaching the high latitude stratosphere [Wamsley et al., 1998; Schauffler et al., 1999] . An understanding of this transport pathway for bromine to the Arctic stratosphere is needed. Figure 2010GL043798 -fs03 supports the plausibility of Br y VSL lying between 5 and 10 ppt for the Arctic LMS, with contributions originating from local SGI (presumably from air masses that enter the stratosphere without passing through the tropical tropopause) plus PGI and SGI from air masses that enter the stratosphere in the tropics. Within WMO [2007] , Br y VSL is defined with respect to a baseline that does not include CH 2 Br 2 . The contribution of this compound to stratospheric Br y is included in our definition of the baseline. Our focus is sorting out the relative contributions of stratospheric and tropospheric BrO to the satellite hotspots, rather than quantification of Br y VSL . It is clear that if many of the satellite hotspots are indeed caused by compression of stratospheric air to high pressure, then a large amount of Br y must be supplied to the lowermost stratospheric by sources other than CH 3 Br and halons. The uncertainty in the BrO+NO 2 +M rate constant is particularly acute when attempting to quantify Br y VSL using measurements of BrO VC at high latitude during spring. This uncertainty has a much larger effect on the quantification of Br y VSL than is caused by how baseline Br y is defined. Indeed, the green and black lines shown in Figure 2010GL043798 -fs03d are quite similar for values of CFC-12 > 480 ppt, which reflects the composition of LMS air masses that drive the BrO STRAT hotspots shown in the main body of the paper. Consequently, had we used the WMO baseline definition for Br y , our estimate of BrO STRAT (and Br y VSL needed to obtain closure with OMI BrO VC ) would be quite close to that given in the main body of the paper.
Our quantification of Br y VSL is at the upper end of the estimates given in Chapter 2 of WMO [2007] . Laube et al. [2008] and Dorf et al. [2008] described balloon flights from Teresina, Brazil designed to quantify Br y
VSL
. Laube et al. [2008] suggested Br y VSL in the tropical stratosphere is less than 5 ppt, based on measurements of a suite of bromocarbons at and above 15.2 km altitude. However, they did not obtain measurements in the region of convective outflow, which generally lies below 15.2 km and is where most VSL bromocarbons decompose. Dorf et al. [2008] derived Br y VSL of 5.2 ± 2.5 ppt based on measurements of BrO in the middle and upper stratosphere. They also report a value of 2.0 ± 1.5 ppt for BrO at the tropical tropopause. Since the BrO/Br y ratio is < 0.5 in the tropical UT [Yang et al., 2005] , this measurement suggests PGI could be as large as 4 to 7 ppt. More observations of BrO and related species in the region of convective outflow and the tropical UT are needed to better define Br y VSL . The main body of the paper states "Retrievals of BrO VC from OMI compare extremely well with estimates from ground-based instruments located in Harestua, Norway (60.2°N, 11°E) and Lauder, New Zealand (45.0°S, 169.7°E). The ground-based and satellite measurements agree within 15%, with no discernable bias … Further details of the retrieval and these comparisons are given in the auxiliary material." The ground-based measurements are described by Schofield et al. [2004] and Hendrick et al. [2008] . Different spectral windows are used for the ground-based retrievals (336 to 359 nm for Harestua; 342 to 357 nm for Lauder). Both ground-based DOAS retrievals used BrO cross sections from Wilmouth et al. [1999] . Total column BrO is inferred from vertical profiles retrieved by applying the profiling method described in Hendrick et al. [2007] . Figure  2010GL043798 -fs04 compares measurements of total column BrO from OMI to measurements of the same quantity from these two well established ground based stations. The ratio of OMI BrO VC to ground based BrO VC is 0.98 ± 0.14 and 0.99 ± 0.15 for the two stations, as indicated. These ratios indicate no discernable bias between OMI BrO VC and values of this quantity recorded at two wellestablished stations, which provide data that have been compared extensively to prior satellite measurements. The extremely low values of reduced chi-squared (χ 2 ) between OMI BrO VC and the ground based data (0.081 and −0.005 for Harestua and Lauder, respectively) further establishes the accuracy of the OMI ARCTAS retrieval of BrO VC . The main body of the paper states "comparison to aircraft observations (see auxiliary material) demonstrates that modeled CFC-12 is accurate to within ± 4% in the lower stratosphere." An evaluation of CFC-12 from the GEOS-5 assimilation has been conducted based on data from the NASA DC-8 during ARCTAS and the NCAR GV during START08 [Pan et al., 2010] . Comparisons Figure  2010GL043798 -fs05. The mean difference between calculated and measured CFC-12 is 3% for all of ARCTAS and START08. When the comparison is restricted to stratospheric air-masses, based on O 3 > 120 ppb, the mean difference rises to 4%. Therefore, the impact of uncertainty in CFC-12 on BrO STRAT is assessed using a ± 4% uncertainty for CFC-12. The main body of the paper states "we have computed vertical column tropospheric BrO (BrO TROP ) for 29 profiles of BrO measured during ARCTAS and ARCPAC. Further discussion of measurement uncertainty, which approaches the value of BrO TROP , is given in the auxiliary material". Table 2010GL043798 -ts01 provides information for all 29 profiles of BrO, acquired by CIMS (Chemical Ionization Mass Spectrometer) instruments onboard the DC-8 and WP-3D aircraft [Neuman et al., 2010] , for which BrO TROP could be defined. The uncertainty in BrO TROP is based on the assessment that individual measurements of BrO are accurate to (±40% + 1 ppt) and that the precision of an individual BrO measurement is 3 ppt for 2 sec time resolution. Precision errors can be reduced by averaging. Therefore, for the N individual measurements used to define a single value of BrO TROP , we assign a total uncertainty to each data point as the root-sum-of-squares combination of the accuracy term (0.4×[BrO]+0.1 ppt) and an averaged precision term (3 ppt/ N 0.5 ). The error bars in Figures 4c and 4d represent the total uncertainty for each point computed this way. The error bar for BrO TROP in Figure 4g represents the impact of these uncertainties on column BrO. Table 2010GL043798 -ts01 also includes values of OMI BrO VC associated with each value of BrO TROP . These values are the average of a bi-linear interpolation of the OMI retrieval along the flight track of the aircraft, for the flight segment of each profile. The table gives the mean position of the aircraft for each profile but, again, the OMI retrieval has been averaged along the segment of each profile. Error bars for OMI BrO VC given in the table represent 1σ residuals in the spectral fit of the retrieval; these uncertainties have also been averaged along each flight segment.
The main body of the paper states "the importance of BrO above the CBL to BrO TROP is common to all profiles acquired during ARCTAS and ARCPAC (see auxiliary material)". Figure  2010GL043798 -fs06 is a "box and whisker plot" of the all of the profile measurements obtained during ARCPAC and ARTCAS. This plot shows BrO was not especially elevated near the surface and that highest values were observed near 2 km altitude, well above the top of the convective boundary layer during Arctic spring (e.g., see Figure 5 of the main paper).
Finally, the main paper states "closure of the budget is supported quantitatively by the ratio BrO MODEL /OMI BrO VC encompassing unity, within the standard deviation of the mean, for these two simulations. Strictly speaking, budget closure is achieved for values of Br y VSL ranging from ~1.4 to 13.2 ppt (auxiliary material)". , due to the many remaining uncertainties. The "best fit" value for Br y VSL is 7 ppt, but we have chosen to not emphasize this value in the main paper due to the many attendant uncertainties and the restricted sampling of the 29 aircraft profiles. Figure 2010GL043798 fs07 suggests consistency with OMI BrO VC could be achieved for Br y VSL as low as ~1.2 ppt. However, the geographic similarity of BrO hotspots observed by OMI and BrO STRAT from the 5 and 10 ppt models shown in Figure 2 of the main paper, and the lack of appearance of these features in the 0 ppt simulation, reinforces our notion that "short-lived biogenic bromocarbons likely supply between 5 and 10 ppt of bromine to the Arctic lowermost stratosphere" as stated in the abstract. A model with Br y VSL = 1.2 ppt fails to capture the geographic pattern exhibited by OMI BrO VC , even with addition of a considerably high uniform tropospheric background. Hence, the preponderance of evidence suggests VSL Br y lies between 5 and 10 ppt, with a "best fit" value of 7 ppt. Figure 4g of the main paper. Latitude and longitude are the mean position of the aircraft during each profile. Values of OMI BrO VC and the uncertainty in this quantity are averages along the flight track, for the day the profile was obtained. The bold-faced entry corresponds to the highlighted profile in Figure 4c and 4d of the main paper. (BrO  VC ) found using the OMI ARCTAS retrieval used in the main body of the paper (left hand side) to OMI BrO VC found using the operational retrieval (right hand side). Values of BrO VC found using the ARCTAS retrieval are analyzed in the main body of the paper. Figure 4 of main paper), for the 29 aircraft profiles for which BrO TROP can be defined. Error bars denote the standard deviation about the mean of the ratio. The gray shaded box denotes the region where the ratio of modeled and measured BrO column lies within one standard deviation of unity.
